The structures now called hyaline membranes were first described in the lungs of the newborn baby by Hoccheim (1903) , and were considered by him to be aspirated vernix caseosa. At present there is little evidence that hyaline membranes arise as a direct result of aspiration, although aspirated substances may be included within them; many conflicting views of their pathogenesis have been held, but opinion is now in favour of their origin within the lung itself, from material, probably protein, lost through the local capillaries. Until fibrin was identified within the membranes the exact mechanism by which they developed remained uncertain, for it was difficult to understand how they could be formed from soluble serum proteins, unless these were in the process grossly denatured. A rational explanation of the formation of membranes became possible, however, after the demonstration with fluorescent antibody of their fibrin content (Gitlin and Craig, 1956) ; further studies using orthodox histological methods confirmed the observations of these workers and showed that the membranes arose as a result of incomplete resorption of fibrin-containing oedema fluid, and suggested that fibrin was indeed their essential component.
An important conclusion drawn from this finding is that the membranes found in the lungs of newborn babies do not differ structurally from those of older patients, in whom membranes may form in a variety of diseases. In all of these there is a temporary increase in capillary permeability which is great enough to allow the escape of fibrinogen as well as of other plasma proteins; the conditions include not only inflammatory lesions and neoplastic or other infiltrations of the lung itself, but also cardiovascular disturbances, in particular severe left ventricular failure, with or without uraemia. Membrane formation in these cases is merely one common end result of a number of different pathological processes, and the possibility that this may be so in the lung of the newborn must be considered.
In older children and adults membrane formation sometimes complicates pneumonia (Farber and Wilson, 1932) . In the newborn these two processes are often found together; the relation between the two conditions is often, however, difficult to determine. Before the past decade hyaline membranes in the newborn were most frequently discussed in papers concerned primarily with pneumonia; although at that time origin of the membranes from vernix was generally accepted, Steinharter (1937) recognized structures in the newborn which he considered to differ from 'vernix membranes' and to be the result of pneumonia. Potter (1952) believed pneumonia was an important complication in many babies with hyaline membranes, particularly in those who died after the end of the second day. More recently the concept of the membranes forming as the result of a specific pathological process or 'hyaline membrane disease' has been widely held, so that less attention has been paid to the possibility of their origin in other ways. In this paper cases are presented in which membrane formation in the lungs of the newborn is secondary to pneumonia, and an attempt is made to define histological criteria for the recognition of such membranes; the observations recorded show that in about one-fifth of all cases in which membranes are present they are the result of an inflammatory process. The membranes found in other babies, in whom their origin is independent of pneumonia, are, to distinguish them, referred to as 'primary' hyaline membranes. Material
During the 10 years 1949-1958 autopsies were performed at St. Mary's Hospitals, Manchester, on 800 babies dying in the neonatal period, histological material being available from 791; of these, 727 (91.9%) died in the first week of life. The cases described below were discovered during a review of sections taken from the lungs of these babies, and they include many in which diagnosis was difficult. Membranous structures were found in ARCHIVES OF DISEASE IN CHILDHOOD 175 of the lungs, 143 being of the type defined above as 'primary'. The remaining 32 cases are discussed in this report; they are presented in three groups in the order in which my attention was drawn to them.
GroUp I: Hyaline Membranes and Aspiration In this group membranes are seen where there has been gross soiling of the lung by aspirated material. Epithelial squames from the liquor amnii are seen in the lungs of many of the babies who die in utero or soon after birth; when present in small numbers these are probably without significance, but when numerous they are usually held to indicate prenatal anoxia, showing an increased aspiration of amniotic fluid as a result of increased intrauterine respiratory movements. The squames seen in these circumstances are separate, dispersed and readily drawn into the finest air spaces, although they may there become concentrated and packed into small groups by the absorption of amniotic fluid. Sometimes, however, squames are present in a more coarsely particulate material, e.g. meconium, vernix caseosa or mucus from the respiratory tract, and this may plug bronchi or bronchioles, causing atelectasis or obstructive emphysema (Emery, 1956 ). In the series reviewed, widespread aspiration of such material had occurred in 25 cases, and in six of these there were also eosinophil membranes; their presence recalls the original theory of formation of hyaline membranes from vernix caseosa, and might in the past have been held to support it. The existence of structures of this type was recognized by Gruenwald (1953 Gruenwald ( , 1958 who suggested that hyaline membranes might be of different sorts and that true 'vernix membranes' were found in a small number of more mature babies.
The first case is typical of the group. (Fig. 4) . Strands of eosinophil material were sometimes seen adjacent to the meconium blocking the bronchi, but only where there were also leucocytes. The membranes themselves contained small numbers of polymorphs that were well preserved, their appearance contrasting with that of the pyknotic or fragmented round nuclei sometimes seen in primary hyaline membranes. The exudate was in general of the diffuse type seen in congenital or intrapartum pneumonia, although there were also a few foci of more recent origin, which lay proximal to the membranes and which contained larger numbers of polymorphs with many coarse strands of fibrin; these strands were haematoxyphil and also gave the Feulgen reaction. In some places oedema fluid had collected proximal to the membranes and contained small numbers of polymorphs.
Comment
The gross and microscopical appearances of the lungs in the other cases of this group were similar and the features of all six are summarized in Table 1 . It will be noted that in five meconium was found at autopsy in the bronchi or had contaminated the amniotic fluid. In all of them the lungs showed alternating masses of bright pink aerated and of dull red-purple airless tissue which appeared to be secondary lobules as they were wedge-shaped and were separated on the pleural surfaces and in the sub-pleural regions by connective tissue septa. In five this pattern of alteration was seen throughout, FIG. 4.-Case 1: the membranes are continuous with exudate seen in the more peripheral air-spaces. (H. and E. x 130.) while in the sixth aeration was confined to the right upper lobe. The aerated lobules often appeared overdistended, as if there had been incomplete obstruction of the supplying bronchioles; three cases were complicated by interstitial emphysema, one of them with pneumothorax. The membranes in these cases differed in several ways from those commonly seen in premature infants with respiratory distress. Their distribution was patchy, rather than widespread and even throughout the lungs; they occurred in babies who, where the air passages were not obstructed, were able to expand and aerate their lungs normally; the lungs were not immature and the pattern attributed to 'resorption collapse' (Potter, 1952) was not seen. Certain differences in structure have been emphasized in the description of Case 1; the membranes where present were usually thick, formed a complete lining for the air-spaces in which they lay, and not infrequently extended to line the terminal bronchioles; they often contained apparently healthy leucocytes, rather than the pyknotic or fragmented epithelial nuclei included in primary hyaline membranes.
While the occurrence of membranes in these cases suggested that the eosinophil as well as the particulate material had been aspirated, this was not so. Membranes or similar eosinophil material were found only where there was an inflammatory reaction, in some fields lying in continuity with the exudate; they were found in none of the 19 other cases examined in which there was widespread aspiration of mucus or meconium with little accompanying pneumonia; it seemed obvious that they were formed by the action of respiration on such exudate, either by the initial expansion of the containing longer times, although when it is found in those dying at any time in the first day it can be assumed that the pneumonia in these cases too has arisen before birth. In the group of cases under discussion assessment was made difficult by the survival of most into the second day, and by the presence in many of fresh focal pneumonia. Aspiration must, however, have occurred during labour, or at the latest soon after birth, and the close association of the exudate with the aspirated material suggested that the pneumonia had commenced at the same time, and that at least in some of the cases it was of intrapartum origin. Group II: Membrane Formation in Diffuse Pneumonia
To investigate this further, a search was made for membrane formation in babies who had died within a few days of birth, and whose lungs showed diffuse pneumonia without evidence of aspiration, other than that of the commonly seen dispersed squames; in addition, a series of lungs containing hyaline membranes was reviewed for the presence of diffuse pneumonia. Eighteen cases of membrane formation in diffuse pneumonia were found, and their pathological features are illustrated by the following examples. The histories and post-mortem findings are summarized in Table 2 . Case 7. A 23-year-old woman had previously had two normal deliveries at term. In her third pregnancy labour was induced medically at 43 weeks; it started promptly and was of short duration, with the normal vertex delivery of a male child. The membranes were intact until the beginning of the second stage (Stage I: two hours 10 minutes; II: 15 minutes; III: 10 minutes). The baby weighed 2-07 kg., being thus by the accepted convention premature, but it was of wizened appearance, and seemed in other ways mature; the crown-heel length was 48 cm. and ossification centres were present in the lower femoral epiphysis and talus. Observations on the placenta were unfortunately not recorded, but the mother was neither toxaemic nor hypertensive. At autopsy, the lungs were expanded, but not aerated, were dark in colour and relatively heavy (right: 30 g., left: 23 g.; heart, 17 g.). No other lesions of importance were found.
On histological examination, in spite of the low birth weight, the lungs appeared mature. There was little aeration although here and there the terminal bronchioles, with the spaces immediately beyond them, were rounded, some appearing empty and others containing oedema fluid (Fig. 5) . The more distal air spaces, while retaining the foetal pattern, were regularly expanded, and they contained moderate numbers of polymorphonuclear leucocytes, which were mixed with amniotic squames and surrounded by granular eosinophil material; in this it was not possible to demonstrate fibrin. Diffuse haemorrhage had occurred into a few lobules. In places there was denser exudate with coarse strands or masses of fibrin, some of which showed an ill-defined patchy basophilia and gave the Feulgen reaction. Membranous structures were seen in much of the tissue, but their distribution was not regular. Some were eosinophil and of fibrillary or granular FIG. 5 the crown-heel length was 48 cm.; the siblings had weighed between 3 0 and 3 5 kg. at term. The baby was slow to breath and had apnoeic attacks at 21 and 7 hours, with a third, from which he did not recover. at 9 hours. Autopsy showed a right tentorial tear with subdural haemorrhage; the lungs were expanded and heavy, but not obviously aerated (right, 33 g., left 28 g.; heart 17 g.).
On histological examination, the lungs appeared less mature than in the previous case, although the birth weight was greater. Here, too, the pattern was uniform, without aeration, other than of occasional bronchioles or alveolar ducts, but with regular expansion of the distal spaces, which contained polymorphs and squames, and, in places, denser exudate similar in character to that seen in Case 7. Membrane formation was patchy, being commonest where pneumonia was most marked; some membranes showed the staining reactions of the exudate and others were more uniformly eosinophil, if with ragged surface (Fig. 8) .
The assessment of diffuse pneumonia of this type is not easy; it most commonly arises in utero as the result of aspiration of infected liquor amnii, although to distinguish between the presence in the lung of such fluid and an inflammatory reaction to it is often difficult. The importance of the pneumonia is uncertain, although it is probably not often the sole cause of death; it is usually of low grade, so that it may not harm an unhandicapped baby, being often seen at autopsy either in those who have suffered intrauterine anoxia, or in those who have died as the result of separate more severe lesions, and who presumably would have survived the infection alone. The difficulty of estimating the time at which this type of pneumonia begins has been discussed already; in the cases in this group it seems likely that the process had begun intrapartum, for all but three died in the first day, some within a few hours of birth, the lungs remaining for the greater part of foetal pattern, and the distribution of the exudate being characteristically diffuse.
In cases with such pneumonia, as was shown by Langley and Smith (1959) in stillbirths and neonatal deaths taken from the same autopsy series as was drawn on here, there was an increased incidence of inflammation of the foetal surface of the placenta, and of prolonged rupture of the membranes before delivery. It is of interest to note that in nine of the 16 cases in which adequate details of the obstetric history were available there was prolonged rupture of the membranes, and that in three others there had been recent surgical interference with the uterus, in two surgical induction of labour two and a half days before, and in the other paracentesis amnii five days before birth.
The membranes in these cases were often difficult to distinguish from primary hyaline membranes, and at times the two might indeed appear identical. Differentiation can often be made on the structural features of the pneumonic membranes, and by their patchy distribution; while the causative pneumonia is diffuse, it shows irregular accentuations, and the membranes are seen where these are most marked. There may be ill-defined basophil areas of the type illustrated, a feature rare in the absence of inflammation. The membranes may be laminated and may, like those seen in Group I, line the bronchioles as well as the respiratory part of the lung. Their ragged or incomplete appearance contrasts with that of fully-formed primary hyaline membranes, as does the expansion of the lung tissue distal to them.
However, it may not always be possible to make this distinction. If the inflammatory reaction in an intrapartum pneumonia continues when respiration is established after birth, with further exudation, the process becomes identical with that by which primary hyaline membranes are formed from fibrin escaping through the pulmonary capillaries; in the latter, also, small numbers of polymorphs may be present. In addition, primary hyaline membrane formation may be complicated by pneumonia, and, while this is often focal and intense, there is sometimes a more diffuse spread, both central to the membranes and, if the air spaces are not completely collapsed, peripheral. Nevertheless, the two processes remain essentially separate, and it is important to distinguish between them wherever possible.
Group III: Miscellaneous Membranous structures were seen in a further eight cases. In a number they were of sparse distribution, were poorly formed, or occurred in babies who had survived for several days and in whom extensive fresh pneumonia made interpretation difficult. Two are of interest in that membranes were formed in the course of a pneumonia obviously acquired after birth; the changes, illustrated in the case presented below, recall those described by Farber and Wilson (1932) in older children with streptococcal lobular pneumonia.
Case 25. Premature labour began spontaneously in a negress, para 10, and a female child was born who cried well soon after birth. The maturity seemed greater than that given by the mother's history (28 weeks; weight 1 63 kg.; crown-heel length 43 cm. 
